Purpose: To evaluate the effects of three fresh detox juices, including an orange, green, and red beverage, on the color stability and surface roughness of three anterior esthetic resin-based composites (RBCs). Materials and Methods: Disk-shaped specimens were prepared with three different esthetic RBCs (Amaris, G-aenial Anterior, Clearfil Majesty ES-2) according to the manufacturers' instructions. Forty specimens were prepared for each RBC, and all specimens were stored in artificial saliva at 37°C for 24 hours. The initial color values and surface roughness measurements of the specimens were taken using a spectrophotometer and a profilometer. The specimens were then divided into 4 subgroups (n = 10). All specimens except the control specimens were immersed in their designated fresh detox juices (green, red, or orange) for 10 minutes twice a day. Color and surface roughness measurements were taken on day 15 and day 30, and the results were analyzed by one-way ANOVA and Tukey HSD test. The association between color change and surface roughness was evaluated by Spearman's Rank Correlation analysis.
Resin-based composites (RBC) are highly popular in restorative dentistry, but, as for the use of any restorative material, clinical failures are unavoidable. It has been reported that the reasons for replacing composite restorations include secondary/recurrent caries, marginal discoloration, bulk discoloration, marginal/bulk fracture of the restoration, fracture of tooth, and pain or sensitivity. 1 Unacceptable color change is the primary reason for replacing RBC restorations in anterior teeth. 2, 3 Color change certainly occurs in restorative materials, but it is the degree of the color change that is important. Because small color changes in restorative materials are largely undetectable by the human eye, restoration replacement is not required for materials that display small color changes, but, for anterior teeth, when the color harmony between the restoration and the dental tissues deteriorates, replacement of the restoration is inevitable.
Different factors affect discoloration of RBCs by three basic mechanisms: intrinsic discoloration, surface/subsurface degradation, and extrinsic discoloration. Intrinsic discoloration is defined as the discoloration of materials independent of external factors. The chemical structure of the material, including the type of monomer, the filler size, and the distribution, as well as the degree of conversion and the physicochemical reactions of the material in the body affect intrinsic discoloration. [4] [5] [6] [7] [8] Surface/subsurface degradation occurs when staining agents react with superficial composite layers. A rough restoration surface, bad oral hygiene, and surface staining by consuming colored foods and beverage may cause extrinsic discoloration. [9] [10] [11] [12] Surface roughness may also cause biofilm accumulation, gingival irritation, and secondary caries. 13, 14 The use of color measurement devices that detect small color changes has increased in recent years in the dental field. 15 Colorimeters, digital cameras, and spectrophotometers are commonly used for color measurement in clinical practice. Spectrophotometers have some advantages over the other devices. For example, they are more practical than digital cameras, and it has been reported that spectrophotometers are more accurate than colorimeters. 16 Spectrophotometers usually measure color using the CIE L * a * b * system recommended by the International Commission on Illumination.
Surface roughness may cause discoloration, biofilm accumulation, gingival irritation, and secondary caries. It has been reported that coffee, tea, red wine, and various fruit juices cause RBC discoloration. 9, 11 To our knowledge, despite an increase in the consumption of fresh detox juices (FDJs), no study has yet evaluated the effects of fresh detoxification drinks on the coloration of RBCs. Therefore, this study investigated the effects of three FDJs (green, red, and orange) on the color stability of different anterior RBCs.
Materials and methods

Specimen preparation
Three composite resins, which contain enamel and dentin shades and are marketed for esthetic restorations, were used in this study. All A2 shades of the different composite resins were chosen. The compositions, manufacturers, filler rates, and recommended polymerization times for the composites are listed in Table 1 . Teflon molds (3 mm thick, 5 mm diameter, 2 mm deep) were filled with the various dentin shades, and the dentin layers were polymerized with an LED device (1000 mW/cm 2 , VALO Cordless LED curing light; Ultradent, South Jordan, UT) according to the manufacturer instructions, and then the enamel shades were placed into the 1 mm space remaining in the mold. The molds, which were slightly overfilled with the enamel shades, were covered with a Mylar strip and a glass plate. Finger pressure was applied to the glass plate to expel excess materials, and the enamel shade layers were polymerized by LED as described above. The light output from the LED device was measured with a radiometer after each specimen preparation. All specimens were polished using Sof-Lex (3M ESPE, St. Paul, MN) polishing discs according to the manufacturer's instructions. Forty specimens were prepared for each composite resin group, and a total of 120 specimens was used in this study. All specimens were stored in artificial saliva at 37°C for 24 hours and then stored in artificial saliva for another 24 hours before the first assessment of color and surface roughness. Artificial saliva was prepared at the following proportions: 0,7 mmol/l CaCl 2 , 0,2 mmol/l MgCl 2 6H 2 O, 4 mmol/l KH 2 PO 4 , 3 mmol/l KCl, 0,3 mmol/l NaN 3 , 20 mmol/l HEPES Buffer, and pH was set at 7.
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Colorant selection, evaluation of color changes and surface roughness Commercially available FDJs (Jujufresh, Ankara, Turkey) were used as colorants in this study. Three different beverages, which may stain composite resin surfaces, were used in this study, and they were a green beverage, an orange beverage, and a red beverage. The compositions and pH of these beverages are listed in Table 2 . Prepared specimens were divided into four groups (control [n = 10], green [n = 10], orange [n = 10], red [n = 10]) for each composite resin. Surface roughness was evaluated with a profilometer (Surftest; Mitutoyo, Kanagawa, Japan), and color was assessed with a spectrophotometer (VITA Easyshade; Vita Zahnfabrik, Bad Sackingen, Germany). All specimens were stored in artificial saliva at 37°C for 30 days except during the colorization process. During the colorization process, all specimens except the control group specimens were stored in their designated FDJ for 10 minutes twice a day, rinsed with deionized water, and stored in artificial saliva at 37°C. Artificial saliva and FDJ solutions were made fresh daily. The pH of FDJ solutions were measured with a pH meter (2210; Hanna Instruments, Ann Arbor, MI). Color and surface roughness evaluations were performed on day 15 and day 30.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics v17.0 software (IBM Corp., Armonk, NY). The normality of the distribution of the continuous variables was determined by the Shapiro-Wilk test. The Levene test was used to evaluate the homogeneity of variances. Descriptive statistics for continuous variables are presented as mean ± standard deviation. One-way ANOVA was used to determine the statistical significance of the mean differences among the various composite resins. If 
Results
Color changes
The mean E values for the different groups after exposure to FDJs for 15 and 30 days are shown in Table 3 . After 15 days of exposure to the green beverage, there were no differences between the control groups and the experimental groups (control: p > 0.161, green: p > 0.042). After exposure to the red and orange beverages, the color changes in the G-aenial resin group were higher than in the Amaris and Clearfil Majesty ES-2 resin groups (p < 0.006). The color changes in the G-aenial group were higher than in the Clearfil Majesty ES-2 group after 30 days of exposure to the green, red, or orange beverages (p < 0.006). After 15 and 30 days of exposure to the FDJs, the color changes in all of the G-aenial groups were significantly higher than in the control groups. The color change in the G-aenial group was higher than in the Amaris group after exposure to the orange beverage (p < 0.006). The color change in the G-aenial group after exposure to the orange beverage was higher than the color change in the G-aenial group after exposure to the green beverage after 15 and 30 days (15 days: p = 0.005, 30 days: p = 0.004). When the data were evaluated in terms of length of exposure, the only group that showed a difference was the Amaris resin immersed in the red beverage (p < 0.05). 
Control
Surface roughness
The mean Ra values for the different groups after exposure to FDJs for 24 hours, 15 days, and 30 days are shown in Table  4 . After 24 hours of exposure to the beverages, the surface roughness in the Clearfil Majesty ES-2 group was significantly lower than in the Amaris and G-aenial groups (p < 0.001).
After the materials were immersed in the orange beverage for 24 hours, the surface roughness in the Amaris group was higher than in the G-aenial group (p < 0.001). After 30 days of exposure to the beverages, the surface roughness in the Clearfil Majesty ES-2 group was lower than in the Amaris and G-aenial groups (p < 0.001). After 30 days of exposure to the red beverage, the surface roughness in the G-aenial group was higher than in the Clearfil Majesty ES-2 and Amaris groups (p < 0.001). There was no difference between the materials after exposure to the green beverage regardless of the length of the exposure (p > 0.01). When the surface roughness data were evaluated with regard to the materials, after 24 hours of exposure to the FDJs, only the Clearfil Majesty ES-2 group exposed to the green beverage differed from the control group (p = 0.003). After 15 days of exposure to the red beverage, the surface roughness in the Amaris and G-aenial groups was higher than in the control group (p = 0.002, p < 0.001). After 15 days of exposure to the green beverage, the surface roughness was higher in the G-aenial group than in the control group (p = 0.003). After 30 days of exposure to the FDJs, surface roughness in all of the Amaris and G-aenial groups was higher than in the control group (p < 0.001). The surface roughness in the Clearfil Majesty ES-2 group was higher than in the control group only after exposure to the green beverage (p = 0.003), but not after exposure to the red and orange beverages.
When the data were evaluated with regard to the length of exposure, there were differences between the Amaris groups and the control groups for all time periods (p < 0.001). Upon exposure to the orange beverage for 24 hours, 15 days, or 30 days, all Amaris and G-aenial groups differed from the control groups (p < 0.001). The Clearfil Majesty ES-2 groups only differed from the control groups after 24 hours and 30 days of exposure to the orange beverage (p < 0.001). Upon exposure to the red beverage for 24 hours, 15 days, or 30 days, all materials differed from the controls (p < 0.001). Upon exposure to the green beverage for 24 hours and 30 days, all materials differed from the controls (p < 0.001). The Amaris and G-aenial groups differed from the control groups after exposure to the green beverage for 15 and 30 days (p < 0.001). The Spearman's Rank Correlation analysis showed no correlation between color change and surface roughness (Tables 5 and 6 ).
Discussion
Consumption of cold-pressed juices and juice cleanses, which are produced by mixing a number of fruit and vegetables, have increased in recent years. The acids and the colorants in these plant-based beverages may affect the esthetics of restorative materials. To our knowledge, no study has evaluated the effects of FDJ mixtures on the coloration of RBCs. In this study, we examined the effects of FDJ mixtures on the color and surface roughness of RBCs. When the color changes of the RBCs were evaluated for all of the beverages and time periods, there was significantly more color change in the G-aenial groups than in the Clearfil Majesty ES-2 groups. Except for some of the subgroups (15 days for the red beverage and 15 and 30 days for the green beverage), there was no significant difference in the color changes between the Amaris group and the other two RBC groups. We found that the best material with regards to color stability is Clearfil Majesty ES-2 and the worst material is G-aenial. The chemical composition of the materials, including the filler size, the monomer type, the surface roughness, the degree of conversion, and the hydrophobic/hydrophilic characteristics probably affected these results. 5, [18] [19] [20] [21] [22] In vitro studies have shown that the larger the filler size, the greater the surface roughness, and this roughness arises from filler loss during the finishing/polishing of the RBCs, 7, 29 but we found that although the initial roughness values of the tested composite materials were similar, the G-aenial material suffered the maximum deterioration in surface roughness during this study, probably because of the amount and the type of the filler used in G-aenial. The inorganic filler in G-aenial is SiO 2 , and it has been shown that SiO 2 causes high porosity and more discoloration. 14, 30 In addition, although silanized fillers provide protection from the oral environment, insufficiently silanized, prepolymerized, inorganic fillers may become discolored by the infiltration of water and colorants into the resin-filler interface. 31, 32 The fillers in G-aenial may have been insufficiently silanized. Thus, it may be useful, in the future, to evaluate the surfaces of RBCs by scanning electron microscopy.
The type of resin matrix used in an RBC affects its susceptibility to staining. It has been shown that UDMA is more resistant to staining than Bis-GMA 6, 23, 24 and that Bis-GMA has a higher water sorption than UDMA. [25] [26] [27] Water sorption may soften the resin matrix and increase discoloration. 28 Surprisingly, in this study, more discoloration was observed in the UDMA-containing G-aenial RBC than in the other two Bis-GMA-containing materials. G-aenial is a microhybrid composite, whereas Clearfil Majesty ES-2 and Amaris are nanohybrid composites. Vichi et al reported that RBCs containing larger filler particles were more susceptible to discoloration than RBCs containing smaller filler particles. 5 Erdemir et al showed that nano-filled RBCs were less susceptible to color changes than micro-filled RBCs, 18 but other studies have shown more color changes in nano-filled RBCs than in micro-filled RBCs. 19, 20 When we compared the roughness and discoloration of the nano-filled composites Amaris and Clearfil Majesty ES-2, we found that Clearfil Majesty ES-2 outperformed Amaris with regard to susceptibility to surface roughness and discoloration. Both composite resins contain Bis-GMA, but Amaris also contains TEGDMA. Several studies have shown that composite resins containing TEGDMA exhibit greater discoloration and surface roughness. 14, 33 There may also be differences in the degree of conversion depending on differences in light curing times for the materials. According to manufacturers' instructions, the Amaris enamel layer cured in 10 seconds and the Clearfil Majesty ES-2 enamel layer cured in 20 seconds, therefore, Amaris may have a lower degree of conversion than Clearfil Majesty ES-2. Some studies have reported that insufficient polymerization can influence the discoloration of composite resins. 22, 34 The three-dimensional color measurement formulas CIEL * a * b * and CIE2000 are recommended by ISO for calculating color differences. Gregor et al reached the same statistical conclusions with both of the formulas. 35 In this study, we used the CIEL * a * b * formula. Different studies have used different threshold values, [36] [37] [38] and Khashayar et al investigated the thresholds of perceptibility and acceptability of color changes by evaluating color studies in the literature. 39 They found that more than half the studies used a threshold of perceptibility of E = 1, and that a third of the studies used a threshold of acceptability of E = 3.7, at which 50% of the observers accepted the color difference. 39 In this study, all groups displayed color changes above the perceptibility threshold ( E > 1). All G-aenial and Amaris groups displayed color changes above the acceptability threshold. Clearfil Majesty ES-2 displayed a color change above the threshold of acceptability only after exposure to the red beverage for 30 days ( E > 3.7). The low acidity of the FDJs and the color pigments of the fruits and vegetables used in the FDJs contributed to these results. When the data regarding FDJs were evaluated, there were significant differences in color changes in all of the G-aenial groups and the control groups for all of the exposure time periods. In general, we found that the different FDJ mixtures used in this study had similar effects on the color changes of the RBCs used in this study.
In previous studies, specimens were immersed in solutions continuously for 24 hours, 9, 20, 32 but in this study, all of the experimental groups were immersed in the test beverages for 10 minutes twice a day because these beverages were made fresh and did not contain any preservatives that would prevent them from deteriorating. In a previous discoloration study, grape juice was used and the specimens were also immersed in the juice for 10 minutes twice a day. 40 In vivo conditions were simulated as much as possible in this in vitro study. Specimens were stored at 37°C in artificial saliva, but the oral environment, especially the mechanical effects, was not exactly imitated. In future studies color change can be evaluated in vivo using the same materials and solutions.
In this study, distortions on the surfaces of RBCs were evaluated by measuring surface roughness, because surface roughness measurements do not damage specimen surfaces. When surface roughness was evaluated, we found that surface roughness increased with time for all of the materials. We found that the best material for surface roughness and color change was the Clearfil Majesty ES-2, and the worst material was G-aenial.
